The stability constants of the complexes of thallium(I) ion with guanosine 5'-monophosphate, GMP, were determined in aqueous solution at 25 °C and 0.1 mol dm" 3 ionic media, using a combination of Potentiometrie and spectrophotometric techniques. Sodium Perchlorate was used to maintain the ionic strength. The compositions of the formed complexes were determined and it was shown that thallium(I) forms three mononuclear 1:1 species with GMP of the type T1H 2 (GMP) + , TIH(GMP), and TI(GMP)". The logarithms of the cumulative stability constants, ß xyz , of the complexes, [(TI) x (H) y (GMP) z ], are 3.53, 3.03, and 5.47, respectively. The FTIR spectra of both GMP and T1 + -GMP were studied in aqueous solution and solid state in 1800-500 cm' 1 region. The spectra suggest the coordination sites of GMP by Tl(l) complexes are N7 and phosphate groups.
RESULTS AND DISCUSSIONS
The stepwise acidity constants of Hj(GMP) + .
The results obtained using Potentiometrie pH titrations for the various acidity constants of the four proton donors H 3 (GMP)\ eqs 2-5, are listed in Table 1 , together with the values reported before. The nucleoside 5'-monophosphate (GMP" : ) shown in Figure 1 is a tribasic species, it may bind two protons at the phosphate group and one at the purine moiety. It was proposed /9-11/ that Hi(GMP)' releases its first proton from -P(0)(0H 2 ), the second one from H'(N-7), and the third one again from the phosphate, a fourth proton is released in the alkaline pH range from H(N-l). These steps are expressed by the following equilibria:
- The release of the first proton, eq 2, from H 3 (GMP) + occurs at a very low pH. Comparison of the protonation constants listed in Table 1 and those reported by 'H-NMR shift experiments /13,I4/ shows that the first proton in H 2 (GMP) ± is released mainly from H*(N7), the next from the -P(0) 2 (0H)" group, and the last from the neutral H(N1) site, these assignments agree with previous conclusions / 16/.
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Stabilities of GMP complexes
One of the main obstacles in studying metal ion systems with nucleotide derivatives in solution is the known self-association of GMP /11/. This means low concentrations of the ligand must be employed in the experiments, a condition usually fulfilled with UV-spectroscopic studies. In similar studies Sigel /9-11/ has
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Main Group Metal Chemistry demonstrated that in 5 and 1 mM solution about 95 and 97% of the total GMP or AMP exists in the monomeric form, respectively. With the indicated problems in mind we decided to study the structure of Tl-GMP complexes in solution by evaluating precise stability data from spectrophotometric titrations.
The complex M x H y L z (nx+y " z)+ formed is characterized by its stoichiometry (x:y:z), where Μ and L represent the metal ion and GMP, respectively. To determine the stability constant of the complexation, eq 6 is defined by ß xyz /17-20/,
The method of determination of the stability constant based on the relation A = f (pH) /2I/. Considering the protonation constants of the ligands, in acidic pH the predominant species for complexation is H 2 L. In this case the spectrophotometric titration data were analyzed by using the absorbance of ΤΓ+ GMP at wavelengths in UV range that is given by
where ε Μ and z c are the molar absorptivities of Tl + and the ligand, respectively. For the mass balance
where C M and C L are the total concentration of Tl + and GMP, respectively. Substituting eqs 7 and 9-10 into eq 8 gives the final equation for fitting. The method of determining ε Μ was previously described /23/ and its values at different wavelengths are used in this work. Using a suitable computer program 1221 the data were fitted to the final equation for estimating the formation constant of eq 6. We used the Gauss-Newton nonlinear least-squares method in computer program to refine the absorbance by minimizing the error squares sum from eq 11 U = Z(a,-b,) The IR spectra of Tl-GMP complexes in aqueous solution exhibited marked similarities to the solid species, except for the base carbonyl (1700-1670 cm" 1 ) and the phosphate vibrational frequencies (1100-951 cm"'), which showed shifting and broadening in H 2 0 solution. The small shift and broadening of these vibrations observed in aqueous solution can be attributed to the rearrangements of carbonyl and the
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phosphate group hydrogen-bonding network passing from the solid into the aqueous solution, and are also related to the presence of an equilibrium between inner and outer sphere metal-GMP interactions, which can alter the base and the phosphate vibrational frequencies. However, it is important to note that the aggregation and the self-association of the nucleotides can occur in the presence of thallium ion, which can also perturb the nucleotides vibrational frequencies in aqueous solution.
